Introduction: Paraquat poisoning is characterized by multi-organ failure and pulmonary fibrosis with respiratory failure, resulting in high mortality and morbidity. The objective of this study was to identify predictors of mortality in cases of paraquat poisoning. Furthermore, we sought to determine the association between these parameters.
Introduction
Due to ease of access, pesticides [1] and herbicides [2] are commonly ingested in Taiwan, both intentionally and by accident. Paraquat is a popular bipyridal herbicide with a good safety record when used properly. However, the lethal toxicity of this compound leads to a high mortality rate (60-80%). After ingestion of approximately 40 mL of a 24% solution of paraquat, patients normally die within several hours to days from multiple organ failure. After ingesting approximately 16 mL, patients experience moderate to severe poisoning and die within 1-2 weeks from pulmonary fibrosis and severe hypoxemia [3, 4] . Many treatment modalities have been developed for paraquat poisoning, including adsorbents, hypo-oxygenation, lung radiotherapy [5] , prolonged extracorporeal detoxification [6] , and lung transplantation. However, the efficacies of these therapeutic methods remain uncertain.
At our hospital, all paraquat patients are usually treated using a standard detoxification protocol [2] [3] [4] [7] [8] [9] [10] . This protocol consists of repeated pulses of methylprednisolone and cyclophosphamide, followed by prolonged dexamethasone therapy. With this approach, it was demonstrated that both respiratory function and blood oxygen concentrations in most patients returned to near-normal levels in 3-6 months [11] . Methylprednisolone, cyclophosphamide, and dexamethasone are potent anti-inflammatory medical therapies. Therefore, it is the severe inflammation (not lung fibrosis) that plays a critical role in producing lethal hypoxemia after paraquat poisoning.
Regarding patient prognosis, Sawada et al. showed that a severity index of paraquat poisoning (SIPP) may be a good clinical predictor of mortality [12] . However, many hospitals do not have the necessary facilities for measuring serum paraquat levels. Huang et al. [13] demonstrated that an Acute Physiology And Chronic Health Evaluation II (APACHE II) score of . 13 , calculated 24 h after admission, could predict in-hospital mortality with 67% sensitivity and 94% specificity. Furthermore, the APACHE II system yielded better discriminative power than SIPP score, plasma paraquat concentration, or estimated paraquat ingestion dosage [13] . Nevertheless, the APACHE II score does not include parameters reflecting liver damage, which are a major complication of paraquat poisoning [10] . Furthermore, calculation of the APACHE II score is complex and not suitable for typical hospital inpatients, such as the paraquat patients assessed in our study. Both the Simplified Acute Physiology Score II (SAPS II) [14] and Expanded Simplified Acute Physiology Score II (SAPS IIe) are also commonly used in intensive care units (ICUs) for predicting mortality. Min et al. [15] showed that SAPS II or SAPS IIe, calculated immediately after arrival at the emergency department, may be helpful in predicting outcome after acute paraquat poisoning. However, the SAPS II or SAPS IIe systems are limited by how they are calculated, since the measurement of the ratio of partial pressure of oxygen in arterial blood to the fraction of inspired oxygen (PaO 2 /FiO 2 ) is only applicable to patients undergoing mechanical ventilation. Thus, it is absolutely unsuitable for spontaneously breathing patients. On the other hand, the SOFA score has been extensively used to predict the outcome of ICU patients [16] because the measurement of PaO 2 / FiO 2 is not limited to mechanically ventilated patients, as in the SAPS II or SAPS IIe system. The calculation is simple and involves only PaO 2 /FiO 2 , platelet count, serum bilirubin level, hypotension, Glasgow Coma Score, and serum creatinine or urine output.
Paraquat poisoning is characterized by multi-organ failure and pulmonary fibrosis leading to respiratory failure, with acute kidney injury being the major cause of mortality [10] . Despite this, the prognostic significance of the AKIN scoring system [17] has not been previously studied. Consequently, the objective of this study was to identify predictors of mortality (clinical features, physiological markers, and SOFA and AKIN scores) in cases of paraquat poisoning. Furthermore, we sought to identify potential associations between these parameters.
Materials and Methods
This retrospective observational study complied with the guidelines of the Declaration of Helsinki and was approved by the Medical Ethics Committee of Chang Gung Memorial Hospital, a tertiary referral center located in the northern part of Taiwan. Since this study involved retrospective review of existing data, approval from the Institutional Review Board was obtained, but without specific informed consent from patients [1] . However, informed consent regarding risks associated with acute paraquat poisoning and all treatment modalities (particularly charcoal hemoperfusion) was obtained from all patients upon their initial admission. Furthermore, not only were all data securely protected (by delinking identifying information from the main data sets) and made available only to investigators, but they were also analyzed anonymously. The Institutional Review Board of Chang Gung Memorial Hospital specifically waived the need for consent for these studies. Finally, all primary data were collected according to procedures outlined in epidemiology guidelines that strengthen the reporting of observational studies.
Patients
A total of 187 patients were referred for management of intentional paraquat ingestion between January 2000 and December 2010. Diagnoses of paraquat poisoning were based on clinical history, physical and laboratory examinations (especially urine sodium dithionite reaction), and confirmed via blood test (spectrophotometry; Hitachi, Tokyo, Japan) [18] . The urine Table 2 . AKIN scoring system. 
Inclusion and Exclusion Criteria
Patients were included in this study if they were older than 18 years of age and had urine paraquat tests that showed dark or navy blue coloring (.5 ppm). Patients were excluded from the study if the paraquat exposure was dermal [19] or intravascular [20] . They were also excluded if they did not have detectable paraquat levels in their urine and blood or if they had major comorbidities, such as cancer or heart, lung, renal, or liver diseases. The diagnoses of major comorbidities were based on detailed clinical, physical, and laboratory examinations. Patients with pre-existing serum creatinine levels .1.4 mg/dL or alanine aminotransferase (ALT) levels .36 mg/dL or total bilirubin levels .3 mg/dL were also excluded.
SOFA and AKIN Scores
The following data were prospectively collected: baseline demographics; SOFA [16] and AKIN score [17] 48 h after admission (SOFA 48-h and AKIN 48-h ), duration of hospitalization, and outcomes. As shown in Table 1 and 2, the SOFA score [16] consists of six variables, each representing an organ system. Each organ system is assigned a point value from 0 (normal) to 4 (high degree of dysfunction/failure). The AKIN criteria [17] classify acute kidney injury into three stages of severity (stages 1, 2 and 3).
Protocol for Paraquat Detoxification
The protocol includes gastric lavage with a large amount of normal saline followed by active charcoal administration, charcoal hemoperfusion, pulse therapies of cyclophosphamide and methylprednisolone followed by dexamethasone therapy, as well as repeated glucocorticoid and cyclophosphamide pulse therapies in case of hypoxemia [2] [3] [4] [7] [8] [9] [10] .
Statistical Analysis
Continuous variables were expressed as mean 6 standard deviation. All variables were tested for normal distribution using the Kolmogorov-Smirnov test. The Student's t test was used to compare the means of continuous variables and normally distributed data. Otherwise, the Mann-Whitney U test was used for non-normally distributed data. Categorical data were analyzed using a chi-square test. Finally, risk factors were assessed by univariate Cox regression analysis, and variables that were statistically significant (P,0.05) were included in a multivariate analysis by applying a multiple Cox regression based on forward elimination of data. Calibration was assessed using the HosmerLemeshow goodness of fit test to compare the number of observed and predicted deaths in risk groups for the entire range of death probabilities. Discrimination was assessed by AUROC. The AUROCs were compared using a non-parametric approach. AUROC analyses were also used to calculate cutoff values, sensitivity, specificity, and overall correctness. Finally, the cutoff points were calculated by acquiring the best Youden index (sensitivity+specificity -1). The cumulative survival curves as a function of time were generated using the Kaplan-Meier approach and compared by log-rank test. All statistical tests were two-tailed, with P values ,0.05 being considered as statistically significant. Data were analyzed using SPSS 12.0 software for Windows (SPSS, Inc, Chicago, III).
Results

Subject Characteristics
Baseline demographics and clinical characteristics of survivors and non-survivors are shown in Table 3 and 4. The mean age of the patients was 42.1615.4 years, with 145 (77.5%) being men and 42 (22.5%) women. Overall hospital mortality for the entire population was 54% (101/187). Non-survivors were significantly older, hospitalized more quickly, and had a higher mean ingestion amount of paraquat, blood levels of paraquat, creatinine (Cr), alanine transaminase (AST), and bilirubin upon admission. They also had higher alveolar-arterial differences in oxygen tension (AaDO 2 ) 48 h after admission, and had lower partial pressures of carbon dioxide in arterial blood (PaCO 2 ) , PaO 2 , HCO 3 2 , and 
Calibration, Discrimination, and Correlation for SOFA and AKIN Scoring Systems
Calibration of SOFA 48-h scores was as carried out as follows: Hosmer-Lemeshow; X 2 2 = 5.582, P = 1.0 (Table 5 ). AKIN 48-h scores also had good calibration, as estimated by the HosmerLemeshow goodness-of-fit test. Table 3 shows the Goodness of Fit for the predicted mortality risk and the predictive accuracy of SOFA 48-h and AKIN 48-h scores. Table 4 shows the discrimination power of SOFA 48-h and AKIN 48-h scores. AUROC analysis found that SOFA 48-h scores had better discriminatory power for prediction of mortality.
Clinical Predictors of Mortality
Univariate logistic regression identified several clinical predictors that were significantly associated with mortality (Table 6 ). Simple linear regression indicated co-linearity between the partial pressure of oxygen in arterial blood 48 h after admission (PaO 2 48-h) and SOFA 48-h score, and arterial-alveolar differences in oxygen tension at 48 h after admission (AaDO 2 48-h ) and SOFA 48-h score. Therefore, PaO 2 48-h , and AaDO 2 48-h were not introduced into the multivariate logistic regression analyses. Multivariate logistic regression analyses identified age, time to hospitalization, blood paraquat level, eGFR first day , and SOFA 48-h score were independent predictors of mortality. Notably, the AKIN 48-h score was no longer a significant predictor using multivariate analysis. Mortality, sensitivity, specificity, and overall correctness of SOFA 48-h and AKIN 48-h scores were calculated to determine their predictive value ( Table 7) . The cumulative survival rates differed significantly (P,0.001) between patients with SOFA 48-h scores ,3 and SOFA 48-h scores $3 (Fig. 1) . Table 6 . Analysis of mortality using univariate and multivariate logistic regression models (n = 187). Table 7 . Prediction of hospital mortality (n = 187). mSOFA Score
In the multivariate logistic regression model, it was revealed that blood paraquat level was a significant predictor of mortality after intentional paraquat ingestion. Therefore, we recruited this new variable to the original SOFA version, resulting in an mSOFA. Since the mortality prediction of blood paraquat level had a cutoff point of 1.83 ppm (P,0.001), in the mSOFA system we assigned patients with blood paraquat levels $1.83 ppm one point and those with blood paraquat levels ,1.83 ppm zero points. Notably, we found that the mSOFA 48-h displayed better discriminatory power (mSOFA 48-h vs. SOFA 48-h , 0.84860.029 vs. 0.79560.033, P,0.0001) ( Table 5 ) and better sensitivity, specificity, and overall correctness than the original SOFA 48-h scores. The cumulative survival rates also differed significantly (P,0.001) between patients with mSOFA scores ,4 and SOFA 48-h scores $4. Finally, the survivors and non-survivors differed significantly in their mSOFA scores (262 versus 562, P,0.001) ( Table 4) . Hence, the mSOFA score was a better predictor of death during hospitalization than the original SOFA score.
Discussion
In this study, SOFA 48-h scores, age, time to hospitalization, blood paraquat levels and eGFR first day were found to be significant predictors of mortality after paraquat poisoning. Many clinical parameters and scoring systems have previously been proposed as mortality predictors for patients with paraquat intoxication [13, [21] [22] [23] [24] . Models based on SOFA scores employed at admission performed only slightly worse than APACHE II/III scores and were comparable to SAPS II models in predicting patient mortality in general medical and/or surgical ICUs. Models with sequential SOFA scores appear to have comparable performances to other organ failure scores. Cholongitas et al. [25] demonstrated that SOFA scores had the best discriminative ability (AUC = 0.79) when compared to APACHE II scores, Model for End-Stage Liver Disease (MELD) scores and King' s College Hospital (KCH) scores. Craig et al. [26] also showed that SOFA scores .7 during the first 96 h post-overdose predicted death/transplantation with a sensitivity of 95.0 (95% CI, 78.5-99.1) and a specificity of 70.5 (95% CI, 66.3-71.6). Apart from these two reports, there have been no other similar studies using SOFA scores to predict mortality for patients with drug overdoses or poisoning, and they have never been used to assess patient outcomes after paraquat intoxication. Therefore, this appears to be the first report demonstrating that SOFA scores .3 are a poor prognosticator for acute paraquat poisoning. Chang et al. [21] noted that APACHE II scores .9 had a sensitivity of 64% and a specificity of 88% in predicting the 30-day mortality in acute paraquat-poisoned patients [21] . However, the APACHE II scores do not include indicators of liver damage, which is also a major sequela of paraquat poisoning [10] . The SOFA system is a simple, easily performed, inexpensive, and reproducible scoring method. It is suitable for use in typical hospital wards, where most paraquat patients are admitted. Most importantly, SOFA scores also include parameters of major target organs, such as lung, liver, and kidney.
The scoring system applied in this study showed that SOFA scores .3 predict a poorer prognosis compared to those #3 (Table 7 and Fig. 1 ). SOFA scores can therefore assist in predicting the prognosis for paraquat patients and may also assist in the subsequent decision-making processes [2] .
Baseline eGFR was also found to be a predictor of mortality in the present study. The AKIN scores were found to be a predictor of mortality by univariate Cox regression analysis, but not after incorporation into a multivariate Cox regression model. At high doses, paraquat can cause acute tubular necrosis, leading to renal failure. As a result, renal excretion of paraquat is markedly reduced, resulting in higher serum concentrations and increased paraquat accumulation in organs, such as the lung and liver. Although renal damage might be reversible if these patients ingested ,40 mg/kg paraquat [27] , mortality may still occur from delayed pulmonary fibrosis and hypoxemia. Serum paraquat levels were found to be negatively correlated with eGFR in this study using a univariate linear regression model (P = 0.012). Lower eGFR in the first 24 h after admission may reflect acute paraquatinduced damage to proximal renal epithelial cells, where active tubular transport occurs [28, 29] . Alternatively, it could reflect a pre-existing reduced renal reserve, which would lead to decreased paraquat elimination and higher paraquat levels in organs and serum. Nevertheless, minor changes in eGFR may not result in upgrading of AKIN scores [17] .
Compatible with previous reports, we found that blood paraquat level was the most consistent predictor of mortality after intoxication [15, 30, 31] . However, serum paraquat levels decrease rapidly within the first few hours after ingestion and the time interval between ingestion and serum paraquat measurements is variable between patients. Therefore, the relationship between mortality and serum paraquat levels may be unreliable. Nevertheless, adding serum paraquat level at admission to the original SOFA score can significantly improve the mortality prediction power when assessing patients. Therefore, the mSOFA reflects the key role of the serum paraquat level, which is not included in the original SOFA score. In addition, the increased mortality that was observed for patients who present more quickly at the hospital might be attributable to the fact that patients who ingest more paraquat tend to seek medical attention faster.
In summary, our data demonstrate that either SOFA or mSOFA scores, which are based on the extent of organ function or rate of organ failure, can help to predict mortality after intentional paraquat poisoning. Nevertheless, the retrospective nature of the study, the small patient sample, and the short follow-up time limit the certainty of our conclusions.
